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Introduction
The bats of the genus Eptesicus Rafinesque (1820), are grouped into two subgenera and comprises approximately 18 species (Davis 1966; Corbet and Hill 1980; Hill and Harrison 1987; Simmons 2005; Davis and Gardner 2008) . All New World species belong into the nominative subgenus. At a morphological level, species in the genus can be recognized by the absence of hairs in the uropatagium, proximal to the body; internal upper incisors larger than the external, usually with a secondary cusp, and lack of evident space between upper canines and premolars, among other features (Davis 1966; Albuja 1999; Davis and Gardner 2008; Díaz et al. 2016) .
Eptesicus innoxius (Gervais 1841) is one of the smallest species within the genus, and is distributed on the western slope of the Andes, from southwestern Ecuador, in the provinces of Bolívar, Cotopaxi, Guayas, Los Ríos, Santo Domingo, El Oro and Loja, and northern Perú, between the departments of Tumbes, Piura and Lambayeque (Koopman 1978; Albuja 1999; Cadenillas et al. 2007; Pacheco et al. 2007; Pacheco et al. 2009; Davis and Gardner 2008; Carrera et al. 2010; Tirira 2017) . It can be easily recognized by its size (forearm 34 to 39 mm), small skull (13.9 to 15.8 mm), and sagittal and lambdoidal crests poorly defined or absent (Davis 1966; Tirira 2017) .
The type locality is located in the region of Amotape, Piura (Perú) in the ecological region known as Equatorial dry forest (Gervais 1841; Davis and Gardner 2008; Pacheco et al. 2009) . Historical records of this species in Ecuador and Perú are located in Babahoyo (Los Ríos) and Puerto Etén (Lambayeque; Cabrera 1901; Davis 1966; Davis and Gardner 2008) . Within Ecuador, its distribution includes dry tropical and subtropical forests (Bolívar, Guayas, Los Ríos, and El Oro) and some deciduous and semideciduous dry forest, while in Perú its distribution comprises the Pacific rainforest, Equatorial dry forest, and Coastal desert (Cabrera 1901; Davis 1966; Albuja 1999; Pacheco et al. 2009; Carrera et al. 2010; Burneo and Tirira 2014; Tirira 2017 , Brito et al. 2018 . Elevational range is 0 to 900 m (Tirira 2017) , but there are some records in Loja and El Oro Provinces (Ecuador) and other localities in Perú above 1,000 m (Appendix 1).
Species distribution modeling have been developed to generate potential presence maps based on the concept of fundamental niche so that they can include areas with limited collection efforts (Stockwell and Peters 1999) . The resulting predictive models have been widely used in studies of diversity, ecology and biogeography (Burneo et al. 2014; Burneo et al. 2015; Giménez et al. 2015; Loaiza and Pacheco 2017) . Among the methods currently used to obtain the modeling of the species distribution is Maxent (Phillips et al. 2006) , that estimates the probability of occurrence distribution of species, following the principle of maximum entropy, subject to the condition that the expected value of each environmental variable coincides with its empirical mean (Phillips et al. 2006; Merow et al. 2013 ). Among the various applications of Maxent are the prioritization of areas for initiatives of biological conservation end ecological restoration, modeling the effects of climate change on ecosystems, and the evaluation of patterns of propagation of invasive species (Phillips and Dudík 2008; Morales 2012) .
The objective of this study is to propose a model for the geographical distribution of this species based on recently records obtained in the Ecuadorian provinces of Esmeraldas, Guayas and Los Ríos, as well as to review its threat status in Ecuador and propose conservation actions for this species. 
Materials and methods
Field work. The collection locations ( Figure 1A) were as follows: 1) Esmeraldas province: Recinto Pedro Carbo (-0° 22' S, -79° 58' W), sampled during January 2016, in rainy season, on a strongly fragmented area, with African oil palm plantations, the field work was carried out in a transition zone between mangrove and humid forest. 2) Guayas province: Bosque Protector La Prosperina (-2° 08' S, -79° 58' W), and Bosque Protector Cerro Blanco (-2° 08' S, -80° 05' W), both were sampled between January 2016 until March 2017 (rainy season); and Cerro del Muerto (-2° 38' S, -80° 20' W), sampled during May to August 2018 (dry season), all three privately owned, surrounded by intervened secondary tropical and dry forest areas; Area Nacional de Recreación Isla Santay (-2° 12' S, -79° 50' W), sampled during May to June 2018 (dry season), a protected area under the supervision of the Ministry on Environment of Ecuador, with mangroves, xerophilous scrub and wetlands ecosystems. 3) Los Ríos province: Cerro Cacharí (-1° 46' S, -79° 27' W), during February 2017 until February 2018, privately owned, approximately two kilometers from the city of Babahoyo, which has a cave and some cracks in its interior, and maintains relicts of dry forest. All the captures were made with mist nets located at ground and sub canopy level. We used four mist -nets each night in each locality, from 18 to 23 h, which were checked every fifteen minutes. Nets were placed at ground level and in subcanopy level, until reaching a height between 4 to 5 meters and were changed from location each time to prevent bats become familiar with them.
Additional locations. The study sites ( Figure 1A ) and other localities correspond to protected areas and forests of Guayas, Los Ríos and El Oro provinces. Climate is warm with a mean temperature of 25 °C and a high level of rainfall ranging from 2,500 to 3,000 m. Other localities in Loja and El Oro provinces correspond to dry interandean valleys and areas of deciduous dry forest.
Specimens collected and morphometric analysis. We reviewed seven specimens (three males and four females) deposited in the mammals' collection of the Museum of Zoology (MZUGM), at Universidad de Guayaquil, Facultad de Ciencias Naturales, and their identity was determined by an analysis from taxonomic characters described in the literature (Albuja 1999; Davis and Gardner 2008; Tirira 2017) . The measurements were taken according to Carrera et al. (2010) and Díaz et al. (2016) . External and cranial measurements were recorded for all specimens ( Table 1 ). The nomenclature is as follows: total length (TL), body and head length (HB), tail length (T), ear length (E), forearm length (FA), hind foot length (HF), greatest length of skull (GLS), condylobasal length (CBL), braincase height (BBH), braincase breadth (BBC), zygomatic breadth (ZB), mastoid breadth (BM), postorbital constriction (POC), and palate length (PL).
Distributive modeling. We modeled the potential distribution of this species using the Maximum Entropy niche model (Maxent), which allows an estimate of the probability of occurrence of a species approximating the distribution of maximum entropy (Phillips et al. 2006; Phillips and Dudík 2008; Morales 2012; Merow et al. 2013) .
To obtain the model, we proceeded to download the environmental variables of World Clim (www.worldclim.org), which comprise different types of bioclimatic factors in raster format. The 30s bioclimate file were downloaded in ESRI grid format (~ 1 km) and a cutout of the variables for Ecuador and Perú was carried out. The set of environmental variables obtained has eleven temperature variables and eight precipitation variables (19 bioclimatic variables) in order to generate variables with biological significance. The 19 variables represent annual trends, seasonality and extreme environmental factors detailed in Table 3 . The digital environmental layers were used to obtain the potential distribution.
A total of 43 records were used to define the potential distribution, including: 7 records obtained during latest fieldwork, 18 obtained from the main museums of Ecuador and Perú, and 18 from databases belonging to natural history museums (Table 2) . We applied the methodology described in Giménez et al. (2015) , which consists in developing 10 replicas for the model, with 25 % of the records used as test data, 500 iterations and 10,000 background points in order to obtain a high precision in the modeling.
This methodology was applied to make a jackknife and determine the environmental variables that best contributed to the model. After that, the model was replicated and a logistic model was selected as a grid file, in order to determine the areas with the highest probability of occurrence of this species. As a cut-off threshold, the minimum training presence option was selected, which is often recommended for species with a wide geographical distribution.
To estimate the habitat area of E. innoxius, we used an extension available for ArcGis called Xtools Pro, which allows to create polygons based on the records of a species, and to estimate its habitat in km 2 (https://xtools.pro/). The final maps were made with the ArcGis 10.3 program (ESRI 2014). Table 1 : External and descriptive measures of E. innoxius. The measurements are expressed in mm, the abbreviation is detailed in material and methods section. Observed range (above) mean and standard deviation (below).
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Results
The morphological characteristics of the new specimens registered in the Ecuadorian coast, as well as the record obtained in the province of Esmeraldas (MZUGM 00532; Figure 2 ), fully agree with the diagnostic characteristic provided for the species by Davis (1966) , Albuja (1999), and Díaz et al. (2016) . Measurements provided by Tirira (2017), were inconsistent with the morphometry of E. innoxius (Table 1 ). The measures for males and females according to 18 specimens (4 M, 14 F) are: Males: TL = 74 to 85, HB = 47 to 55, FA = 36 to 38, E = 7 to 15.3, T = 32 to 36.1, HF = 4 to 8, GLS = 13.92 to 15.20, CBL = 12.60 to 13.19, BBC = 7.19 to 7.65, ZB = 8.74 to 9.88, BM = 7.02 to 7.62, POC = 3.93 to 4.11, and PL = 6.84 to 8.28.
Females: TL = 68 to 94, HB = 40 to 53, FA = 33 to 39, E = 9 to 15, T = 24 to 39, HF = 7 to 10, GLS = 14.51 to 15.87, CBL = 12.31 to 13.62, BBC = 6.88 to 7.31, ZB = 8.19 to 9.65, BM = 7.48 to 7.96, POC = 4.06 to 4.72, and PL = 6.96 to 7.53.
Geographic distribution. The specimen of Eptesicus innoxius from Recinto Pedro Carbo (Muisne, Esmeraldas), is located at 134.3 km northwest from the northernmost known record, at Recinto Corriente Grande (Los Ríos), and constitutes the first report for the province of Esmeraldas (Davis and Gardner 2008; Tirira 2008; Burneo and Tirira 2014; Tirira 2017) . The locality of Recinto Pedro Carbo is located near a mangrove area at an altitude of 13 m, within the floristic formation known as evergreen lowland forest of the coast (Ministerio de Ambiente del Ecuador 2013), between the northwestern and southwestern tropical zoogeographic regions (Albuja et al. 2012) . Other localities reported for E. innoxius are located in the southwestern tropical and western subtropical regions (Albuja 1999; Tirira 2017).
In Perú, 11 localities were located in the Equatorial dry forest, another locality was in the Pacific rain forest, and only one was located in the Coastal desert, according to the classification system proposed by Brack -Egg (1986; Pacheco et al. 2009 ). The plant formations assigned to the different localities includes: dry low hill forest, dry mountain forest, and dry savanna forest (Ministerio de Ambiente del Ecuador 2015).
The potential distribution of E. innoxius extends throughout the Ecuadorian coastal and northern -central Perú (Figure 1B) . Nevertheless, the areas of greatest importance for its distribution are located mainly in several Ecuadorian coastal provinces (Santa Elena, Guayas, El Oro and Los Ríos; Figure  1B) . Although in Manabí province the occurrence probability ranges go from medium to high -medium, no records today confirm its presence here. This species is distributed in Loja province mainly toward areas of tropical dry forest, also occupying important areas within some dry interandean valleys where it reaches its highest altitudinal range.
Discussion
In Ecuador, Eptesicus innoxius appears to be rare in some localities, but it is usually quite common in others (Brito et al. 2018; Carrera et al. 2010 ). This species is present both in natural and protected areas and fragmented or secondary forests, mainly in dry forest and mangrove ecosystems, not in crops or urban environments. Although E. innoxius is considered a typical species of tropical dry forests, it has been recorded in several localities in tropical rain forest such as: Barraganete (Bolívar province, 237 m), and Recinto Corriente Grande (Los Ríos province, 88 m; Albuja 1999; Davis and Gardner 2008; Tirira 2017). There was a report from an area dominated by tropical humid forests, based on a specimen collected in the locality of Santa Rosa de Naranjal (Imbabura; QCAZ 10579; Lee et al. 2010). However, it was reidentified as Myotis riparius (Romero 2018).
In Perú, geographic distribution of this species in relation to the probability of presence is not very broad; however, this seems to be associated with the distribution coming from Ecuador ( Figure 1B) . The most important areas are mainly located in the border of Tumbes and Piura Departments, highlighting an important distribution area within the Lambayeque region. Based on the modeling analysis obtained for this species, the probability of its presence in other regions is quite low. This could be explained due to the fact that E. innoxius seems to prefer areas with less extreme climatic conditions and a higher degree of humidity, and therefore has not been able to colonize other regions in Perú.
In Ecuador, E. innoxius is present in a greater variety of ecoregions, including areas of humid and montane forest, mangroves, flooded grasslands, with less presence in dry forest areas, while in Perú, this species has a greater presence in desert and dry forest areas, mainly in the regions of Piura and Lambayeque (Olson and Dinerstein 2002) .
The estimated area of distribution was 135,243 km 2 (Figure 1A) , which means that the new northwestern record represents a considerable increase with respect to the pre- viously reported distribution, in transition area between evergreen lowland forest of the coast and mangrove (Davis 1966; Koopman 1978; Albuja 1999; Davis and Gardner 2008; Tirira 2008; Carrera et al. 2010; Burneo and Tirira 2014; Tirira 2017) . The results of our modeling coincide with the last distribution map indicated by Tirira (2017) for this species, in relation to the absence of E. innoxius in Manabí. A modeling similar to ours coincides with some zones of highest occurrence probability of E. innoxius in Ecuador (Romero 2018), including the occurrence probability of this species in northern Ecuador; however, that modeling is based on only 11 records and does not include other record localities in Perú.
Conservation status. Earlier evaluations about the conservation status of this species in Ecuador determined that deforestation has caused a considerable reduction of its natural habitat, limiting and restricting its distribution to protected areas, and is currently considered a Vulnerable species (VU) according to criterion B1 ab (i, iii; Tirira and Carrera 2011; Burneo et al. 2015) . In IUCN red list, E. innoxius is categorized as Near Threatened (NT; Velazco and Aguirre 2016). Based on the modeling and distribution update carried out in this study (Figure 1 ) and the new records obtained, an upgrade of its conservation status in Ecuador is recommended, mainly due to the expansion of its distribution area to the northern, in highly fragmented areas.
The majority of records of E. innoxius in Ecuador have been obtained in several protected areas, such as the Bosque Protector Cerro Blanco and Reserva Ecológica Manglares -Churute (Guayas province), Reserva Ecológica Arenillas (El Oro province), and Bosque Petrificado de Puyango (El Oro / Loja provinces; Carrera et al. 2010), as well as in some non-protected areas in Bolívar, Guayas, and Los Ríos (Davis 1966; Koopman 1978; Albuja 1999; Davis and Gardner 2008; Burneo and Tirira 2014) . New localities indicated in this study are: Bosque Protector Prosperina (Guayas province, 217 m), Cerro Cacharí (Los Rios province, 33 m), Cerro del Muerto (Guayas province, 46 m), and Area Nacional de Recreación "Isla Santay" (Guayas province, 7 m). In Perú, there is a record in the Coto de Caza "El Angolo", within the biome of Tumbes -Piura dry forest (Cadenillas et al. 2007) . Other new localities reported in Perú are: El Abra (Lambayeque, 127 m), Laguna Ñapique (Piura, 9 m), Pampa de los Burros (Piura, 735 m), Quebrada metida del Zorro (Piura, 327 m), and Barrancos (Tumbes, 34 m; Appendix 1).
All these new records indicate the existence of localities that overlap with the zones of greater probability of presence for this species, being possible that E. innoxius could be registered in protected areas such as Parque Nacional Machalilla, and Refugio de Vida Silvestre Marino Costera Pacoche (Manabí province), Refugio de Vida Silvestre Manglares -El Morro, and Reserva de Producción Faunística Manglares -El Salado (Guayas province) ( Figure 1B) . It is necessary to continue monitoring in the area of distribution, and make sure its conservation through inclusion of this species as key species in the management plans of protected areas, or seeking refuges as Important Sites for the Conservation of Bats (SICOM) (Burneo et al. 2015) .
In the southern region of Ecuador, some locations where this species has been recorded are currently greatly altered due to deforestation which has decreased much of the original vegetation cover, especially in some dry interandean valleys (Albuja 2011). However, the recent creation of protected areas and forests in Macara and Zapotillo localities (Reserva Natural Cazaderos, La Ceiba y Laipuna) in Loja Province, which are connected to the Reserva de Biosfera del Noroeste Amotapes -Manglares, might ensure protection and its long -term survival.
The distribution area indicated to the north of Perú, in spite of being considered in its majority as an area of lowmedium probability of presence ( Figure 1B) , is a quite extensive area, with records until the southwest of Lambayeque, for which we consider that the conservation status of this species in Perú is going in the right direction, considering the recent creation of some binational protected areas. However, protected areas that harbor populations of this and other species are still reduced in Ecuador and Perú. A recently published work highlights the importance of the conservation of forests and natural refuges for the bat's conservation on Ecuadorian coast (Linares and Zavala 2018).
It is necessary to carry out studies focused on knowing and determining the population abundance both in Ecuador and in Perú, and other studies about its reproduction cycles, diet, migrations, roost preferences, as well as developing other conservation proposals that will ensure the survival of their populations and the conservation of the different ecosystems where this species lives (Tirira and Carrera 2011) . P., s. solAri, P. A. lArsen, d. F. AlvArAdo, A. d. brown 
